Objective: To establish categories of professionals' attitudes toward incident reporting by analyzing the trends in incident reporting while accounting for general risk indicators. Design: The incident reporting system was evaluated over 6 years. Reporting rates, stratified by year and profession, were estimated using the non-mandatory reported events/full-time equivalent (NM-IR/FTE) rate. Other indicators were collected using the hospital's official database. Staff attitudes toward self-reporting were analyzed. Univariate and multivariable analyses were performed. Setting: A 1000-bed Italian academic hospital. Participants: Staff of the hospital (over 3200 professionals). Interventions: None. Main outcome measures: NM-IT/FTE rates, self-reported rates, patient complaints/praises, work accidents among professionals and 30-day readmissions. Patient complaints decreased from 384 to 224 (P < 0.001) and work accidents decreased from 296 to 235 (P = 0.01), while other indicators remained constant. Multivariable logistic regression showed that self-reporting was more likely among nurses than doctors (odds ratio: 1.51; 95% CI: 1.31-1.73) and for severe events than near misses (odds ratio: 1.78; 95% CI: 1.11-2.87). Conclusions: Because the doctors' reporting rates increased during the study period, doctors may be more likely to report adverse events than nurses, although nurses reported more events. 
Incident reporting trends and other routinely collected risk indicators may be useful to improve

Introduction
Adverse events (AEs) are major problem in hospitals because of their direct impact on the patient's health and the economic burden they place on healthcare systems [1, 2] . In fact, recent studies have estimated that AEs contribute to a death toll exceeding 250 000, meaning they are the third most common cause of death in the USA [3] .
One of the most widespread systems used to gain knowledge of AEs and to identify sources of risk inside organizations involves filing incident reports (IRs). IRs are part of a safety strategy adapted from high-risk industries. IR systems are now considered a cornerstone for improving patient safety and are applied by many hospital accreditation programs [4] [5] [6] . IR systems rely on a process by which staff-reported problems are investigated and addressed [7] .
In the last decade, the debate on IR systems has focused on their perceived benefits such as hazard identification and a direct correlation with improvements in safety culture [8] [9] [10] as well as possible limitations, such as staff frustration that the reporting processes do not elicit meaningful changes in the organization [7, 8] .
Although counting the number of IRs is a relatively simple process for healthcare organizations [11] , it yields numerators without denominators [12] . This prevents the organization from understanding potential trends in incidents or to compare numbers among organizations. In addition, even when IR patterns are described in relation to the number of inpatient discharges or duration of hospitalization, they have limited use in benchmarking because IR systems rely on the person's willingness to report an incident and they cannot be used to estimate the incidence of AEs within an organization.
Concerning professional engagement in IR systems, many studies have examined the differences in attitudes toward reporting between nurses and doctors. Nurses appear to be more likely to file IRs than doctors because nurses are more likely to know how to access the reporting system and perceive less barriers to reporting [13] [14] [15] [16] [17] . This is supported by descriptive data showing that nurses file more IRs [18] [19] [20] .
Although interesting, these findings lacked denominators, which are useful to explain trends or to compare data between organizations, because none of the studies attempted to relate the numbers reported by professionals to the relative number of employees.
Full-time equivalent (FTE) is defined as the total number of hours worked by a single employee divided by the average number of hours per year in full-time jobs [21] . It is one of the most common units used to compare workloads between employees who work a different number of hours per week.
The aim of our study was to develop a standardized reporting rate based on the number of reported incidents and the institutional FTEs that can be compared among organizations. We also sought to analyze trends between different professional categories and reporting wards over a 6-year period. To achieve this, we used three additional databases (patient complaints/praises, staff work accidents and 30-day readmission rate) as measures of the organization-wide interpretation of potential IR trends, as well as quality and safety evolution. Our secondary aim was to estimate how different types of professionals acknowledge IR systems as an opportunity for improvement by using self-reporting as a proxy indicator for system maturity.
Methods
Setting and methodology
The study was conducted between 2010 and 2015 in a large tertiary academic hospital located in north-eastern Italy with 1000 beds, an average of 31 000 inpatient and 80 000 day hospital/day surgery admissions per year, and a workforce exceeding 3200 professionals.
An IR system was introduced in 2009 as part of the quality and safety initiatives of the hospital's accreditation program. Incidents were reported using three different paper forms: general AEs, drugrelated AEs and patient falls. The general AE and drug-related AE forms were completed anonymously and were not mandatory. The patient falls form was mandatory and needed to be co-signed by a doctor and a nurse.
All forms recorded the following information: date, day of the week and timing of the incident (morning, afternoon and night shift); the reporter's ward and profession (doctor, nurse or other); incident description; patient age and sex; ward of occurrence and type of event (AE or near miss).
Every received form was discussed within the hospital's clinical risk management unit (RMU), which discarded AEs that were judged not appropriate (NA) (e.g. clinical complications and organizational issues improperly reported as AEs). Appropriate AEs underwent in-depth analysis, and a level of severity was added on a 4-point scale, where 1 = near miss, 2 = mild, 3 = moderate and 4 = severe. This scale was adapted from the degree of harm included in the World Health Organization (WHO) International Classification of Patient Safety (ICPS) [22] .
Depending on the severity, the AEs were routinely handled by various actions, which ranged from direct archiving to root cause analysis. Feedback was sent to the wards quarterly in the form of reports on AEs that happened inside each ward. Full hospital data were reported every 6 months with complete analysis on the type and trends of AEs.
All the IR forms filed between January 2010 and December 2015, excluding NA reports, were collected for this study. The reporters' wards were grouped by affinity into seven work places: general medicine, surgery, diagnostic services (DS), intensive care unit (ICU), operating room (OR), emergency department (ED) or other. Mandatory IRs (i.e. patient falls) were then excluded from the analysis of the professionals' attitudes. By using non-mandatory IRs as the numerator and FTEs as the denominator non-mandatory reported events/full-time equivalent (NM-IR/FTE), we calculated these rates for each profession, workplace and year.
We stratified our analysis to focus on the professionals' attitudes toward reporting incidents that happened inside their own ward, and we defined self-reporting as the reporter's ward being the same as the ward of occurrence. We considered the will to directly call attention to their own workplace problems as an explicit acknowledgment of IR as an improvement opportunity, and therefore a higher level of system maturity.
Hospital administrative data collected between 2010 and 2015 period included FTEs for nurses, doctors and other professionals (e.g. technicians, midwives, biologists and support staff); and inpatient, ambulatory care and day hospital/day surgery admissions.
Three additional databases running in the same period in the hospital were considered to be linked to potential reporting trends: complaints/praises analysis as a proxy indicator of the patient's point of view, work accidents experienced by professional staff as a proxy indicator of environmental safety and the 30-day readmission rate of patients as an outcome measure.
Complaints/praises were collected between 2011 and 2015 and were analyzed by the hospital's public relations office. Only justified or partially justified complaints were considered. The proportions of complaints/praises of all inpatients, outpatients and day hospital/day surgery admissions were calculated. Professional work accidents were routinely collected and analyzed by the RMU; we excluded from the analysis all injuries that happened to healthcare workers when commuting to/from work, and calculated the proportion of work accidents relative to the professionals' FTEs. All 30-day readmissions were routinely collected and analyzed by the hospital's management control unit, and the proportion of 30-day readmissions relative to inpatient admissions.
Statistical analyses
Descriptive statistics were used to assess the distributions of all variables (frequency distributions and summary measures). Crude associations between exposure and outcome variables were assessed using the χ 2 test
for categorical variables and the Wilcoxon-Mann-Whitney test for ordinal variables. Trends in self-reporting and complaints/praises were assessed using the Cochran-Armitage test. Trends in NM-IR rates were determined using Kendall Tau-b correlation coefficients. Multivariable logistic regression was used to adjust for the association between reporter profession and proportion of self-reported IRs using the following covariates: workplace, year and severity of the AE. An α-level of 0.05 was chosen as to indicate significance. Data analysis was performed using STATA (StataCorp. 2013. Stata Statistical Software: Release 13. College Station, TX: StataCorp LP).
Results
We analyzed 8809 IRs filed between 2010 and 2015, corresponding to 1 in every 77.8 inpatient and day hospital/day surgery discharges (685 213/8809) with a mean of 1468.2 IRs filed per year. Overall, 52.7% (4640) of the IRs described AEs and 47.0% (4140) described near misses. The number of IRs increased from 1251 in 2010 to 1859 in 2015 (Table 1) .
General AEs were consistently more frequently reported than near misses, and accounted for over half of all incidents reported every year. The proportion of general AEs reached a peak of 67.0% in 2010. The proportions of drug-related AEs and patient falls reached peaks in 2014 (30.6% and 19.3%, respectively). In the 6-year period, 57.9% of IRs were general AEs, 25.5% were drugrelated AEs and 16.6% were falls ( Table 2) .
The reported incidents involved female patients in 37.2% of cases (mean age 65.9 years), male patients in 41.8% of cases (mean age 68.6 years). For the remaining 21.0%, the gender was not mentioned or there was no specific patient involvement.
Overall, 52.7% of IRs were completed by nurses, 24.8% by doctors and 17.5% by other professionals. The proportion of IRs completed by doctors increased from 17.2% in 2010 to 29.7% in 2015, with a peak of 34.5% in 2013. In the same period, the proportion of IRs completed by nurses remained stable (50.9% in 2010 and 50.3% in 2015), with a peak of 61.1% in 2012.
The frequency distribution of IRs by workplace showed that most of the IRs were from general medicine wards (39.0%, with a peak of 48.0% in 2011) followed by surgery wards (22.9%, with a peak of 27.5% in 2012) and DS (13.8%, with a peak of 27.9% in 2010). However, when we restricted our analysis to NM-IR and we estimated the NM-IR/FTE rates for the entire study period, we found that the rate was 0.24 (95% confidence interval [CI]: 0.23-0.25) for general medicine wards, 0.25 (95% CI: 0.23-0.26) for surgery wards. The rate was highest in the ICU ward with a value of 0.40 (95% CI: 0.37-0.42), followed by DS with a value of 0.34 (95% CI: 0.32-0.36). The rates stratified by workplace and year are available in the Appendices.
The analysis of overall NM-IR/FTE rates (Table 2) showed that the NM-IR/FTE rate was higher for doctors (0. When we stratified the NM-IR by workplace and reporter profession, the NM-IR/FTE rate for doctors was highest in the ICU in 2013 (1.99; 95% CI: 1.70-2.28) and lowest in the ED in 2014 (0.04; 95% CI: −0.04 to 0.11). Among nurses, we found that the rate was highest in the DS in 2012 (0.82; 95% CI: 0.59-1.06) and lowest in the ICU in 2014 (0.19; 95% CI: 0.12-0.26).
We found two significant trends in self-reporting, because the rate increased significantly between 2010 and 2012 (P < 0.001) and then decreased between 2013 and 2015 (P < 0.001). When we analyzed the data according to the reporter's profession, we found a significant increase between 2010 and 2012 (P = 0.002) and a decrease between 2013 and 2015 (P < 0.001) among doctors. By comparison, among nurses, we found no significant change in the self-reported rate between 2010 and 2012 (P = 0.39) but the rate decreased significantly between 2013 and 2015 (P < 0.001) (Figure 1 ). Type of AEs Reporter's profession We also analyzed the association between attitudes toward selfreporting and the severity of the IR. For nurses, we found that the self-reporting rate was consistently >50% for each severity category. However, for doctors, the proportion was only >50% for moderate and severe events. Details concerning self-reporting and level of severity are available in the Appendices.
Multivariable logistic regression showed that self-reporting was more likely among nurses than doctors (odds ratio [OR] 1.51; 95% CI: 1.31-1.73) and for mild (OR: 1.54; 95% CI 1.36-1.73), moderate (OR: 1.99; 95% CI: 1.62-2.45) and severe (OR: 1.78; 95% CI: 1.11-2.87) AEs compared with near misses. Regarding work places, the analyses revealed that self-reporting was more likely in general medicine, which was used as a comparison term in the logistic regression model. (Table 3 ).
In terms of complaints/praises, work accidents and 30-day readmission rates between 2010 and 2015, the proportion of patient complaints decreased from 0.031% to 0.018% (P < 0.001), while the proportion of patient praises did not change significantly. The rate of work accidents decreased from 0.09 to 0.07 (P = 0.01). There were no significant changes in the 30-day readmission rate.
Discussion
Our main findings relate to our novel approach in which we combined the IR and FTE data, and present a new perspective on professionals' attitudes toward IR. We found that doctors, whose IR rates increased significantly during the 6-year period, were more likely to report AEs than nurses, but the proportion of self-reporting was higher for nurses. Both nurses and doctors were more likely to report AEs than near misses. We also found significant decreases in the rates of patient complaints and work accidents that helped us to interpret the trends in IRs.
The rate of IRs filed by professionals tended to increase during the study period, although not significantly. In prior studies, higher reporting rates were associated with improvements in surveymeasured safety culture and negatively associated with litigation claims, but were not related to patient satisfaction [12, 23] . Our findings, however, revealed interesting parallel trends in patient complaints, workplace accidents and NM-IR/FTE rates (Figure 2) .
Although under-reporting of near misses was a critical aspect of IR in many studies based on interviews of professionals [14] [15] [16] , almost half of the IRs at our study were near misses, like prior studies [23] .
Patient falls and medication errors are well-established factors related to IRs, being the most frequent types of IRs in prior studies [24] . However, we observed a greater proportion of general AEs in our study; medication errors accounted for <30% and patients falls (although mandatory) were the least frequently reported type.
Consistent with earlier research [23] , the greatest proportion of IRs came from general medicine wards in our study. However, most studies reported data as crude numbers or proportions, without considering the number of employees. This makes it impossible to analyze trends because the number of healthcare employees may vary year-to-year. In fact, we observed different findings from the same data set when we used the NM-IR/FTE rate, which has not used in other IR studies, in that the NM-IR/FTE rate was lower in general medicine wards than in the ICU, DS or surgery wards. Applying the same reasoning to professionals, previous studies considered the absolute number of IRs and consistently found different attitudes between nurses and doctors, because nurses were more committed to filing IRs [10, [14] [15] [16] [17] [18] [19] 25] . Surprisingly, when we compared the NM-IR/FTE rates, we found that doctors were more likely to file IRs. It would be interesting to explore comparable data collected in other hospitals.
Consistently with prior studies [25, 26] , ICU doctors were more likely to file IRs, followed by DS doctors. General medicine and surgery doctors seemed to be less committed to filing IRs than nurses in the same work places.
In our opinion, other significant results of our study relate to the NM-IR and self-reporting trends for doctors. The doctors and nurses at our institution were under the same constant pressure applied by the accreditation program and received the same timely feedback from the RMU. Unexpectedly, the NM-IR/FTE rate for doctors increased significantly and started at a much lower rate than that for nurses. The NM-IR/FTE rate for doctors grew and surpassed the NM-IR/FTE rate for nurses in 2013. For nurses, the NM-IR/FTE rate started at a higher level and remained constant throughout the study period.
If the increase in IRs was simply due to an increasing number of AE (assuming compliance remains constant), we may not have observed this difference between doctors and nurses. Therefore, in order to support our hypothesis, we analyzed the trends in other general safety indicators. In the same period, patient complaints and staff work accidents decreased significantly while patient praises and 30-day readmissions remained constant.
Different factors might influence self-reporting trends, which represent another novel concept in IR studies, and should be considered appropriately. Most studies stated the numbers of incidents reported by different professionals, but none analyzed whether the incident actually occurred in the reporter's ward. This is probably because most IR systems are anonymous. However, even if the safety culture emphasizes an organizational perspective of errors, individual accountability is vital for an open and fair culture [27] . In our hospital, although the IR procedure allows anonymous reporting, the reporter's ward and incident location must be specified. Another aspect of our results is that the number of NM-IRs filed by doctors and nurses increased over time. Although the self-reporting rate followed this trend for the first 3 years, it decreased substantially (for doctors in particular) from 2012 onwards. Meanwhile, the self-reporting rate for nurses increased with increasing AE severity, while doctors were more inclined to self-report moderate and severe AEs, and to report near misses and mild events that happened in other wards.
These trends are consistent with previous studies, which suggested that doctors are more inclined to address AEs within the ward and report severe AEs [10, 15, 25] while nurses more diligently follow standard procedures [13, 25, 28, 29] and therefore report AEs regardless of their severity. Our findings suggest that this resistant attitude of doctors, despite allowing the organization to become aware of its hazardous situations, is still present 7 years after our hospital implemented a quality and patient safety program. Accordingly, this is an issue requiring further quality improvements. This study has some limitations. First, the IR system, which requires staff commitment, cannot be used to quantify the hospital's overall safety. Nevertheless, we think that the rate of reported events is a proxy indicator of the organization's safety culture and healthcare professionals' risk awareness. Second, although FTEs are a good approximation of the workforce, they do not assess how professionals, especially doctors, move between wards during their shifts. This was not a limitation of our study because we had data for the reporter's ward and the ward of occurrence. However, this may be a limitation for hospitals that do not collect similar data. Another limitation is the use of patient complaints/praises, staff work accidents and patient 30-day readmissions as proxy indicators of environment safety because other instruments (e.g. chart review and global trigger tools) are preferable for more plausible analysis of AE trends over time [30] . However, because none of the three indicators showed worsening trends, it can be assumed that the significant increase in IRs is not related to a blatant reduction in the hospital's overall safety.
Conclusion
The nurses' strong commitment to procedures seems to drive the first phases of IR implementation, with prompt involvement in the system and consistent behavior. The attitudes of doctors may represent the growing safety culture within the hospital, starting from initial skepticism before increasing their involvement, particularly regarding their reporting of near misses, which are particularly important in safety improvement initiatives. However, the selfreporting data suggest that doctors, in particular, have not fully accepted the IR system as an opportunity for their own improvement. While IR systems offer opportunities related to their original purpose of highlighting critical situations inside hospitals, our data shows that they are useful for other applications. The trends in IRs, once expressed in rates, can be compared over time and represent a reliable estimate of the penetration of a safety culture. It is also clear that alternative proxy indicators should be used to support the interpretation of trends in IR rates. We believe that new indicators and different combinations of trends could be used to provide more complete understanding of the phenomenon.
Finally, self-reporting offers an additional level of analysis and shows that doctors are the primary target group for improving IR awareness. Their progressive engagement in the IR system is pivotal for ongoing system growth. Obtaining similar data from other hospitals will help us to better understand the trends in IRs.
